reported four cases of late glaucoma following interstitial keratitis. He emphasized that all his patients had shallow anterior chambers and a course resembling subacute or chronic angle-closure glaucoma. In two eyes peripheral iridectomy was effective, and in one the histological findings indicated an angleclosure mechanism. The horizontal corneal diameters were between 10.5 and 11.5 mm. and Sugar postulated that microcornea due to congenital syphilitic interstitial keratitis might result in angle-closure glaucoma. On the other hand, he believed that another type of late glaucoma following interstitial keratitis existed, namely, a variety of trabecular space obstruction and pathological alterations involving the presence of connective tissue attributable to the uveitis.
The present communication reports a study approaching the problem from two directions:
(1) A series of patients with congenital syphilis and inactive interstitial keratitis was examined, with particular reference to the state of the filtration angle.
(2) Seven patients with inactive interstitial keratitis and known glaucoma were reexamined, to establish the nature of the relationship, if any.
A SURVEY OF 95 PATIENTS WITH INACTIVE INTERSTITIAL KERATITIS Material and Methods
The records for the years 1935 to 1962 of the Department of Venereal Diseases at the Manchester Royal Infirmary and the Manchester Royal Eye Hospital were searched for cases of congenital syphilis with inactive interstitial keratitis. A circular was sent to the 520 patients found, of whom 109 were traced and examined.
In addition to taking a full history and making a routine examination, applanation tonometry, gonioscopy, and tonography were carried out where the state of the cornea and the age and the cooperation of the patient allowed. The gonioscopic findings were recorded employing the classification of Gorin and Posner (1957) , and for tonography a Schwarzer Electrotonometer was used, the coefficient of outflow being calculated from the Friedenwald Nomogram. Perimetry was not carried out where poor fixation or deafness rendered the results unreliable or where the optic disc was pink and flat and the tension and tonography readings normal. It was, however, attempted where especially indicated together with the relevant provocative tests.
Results
Fourteen of the 109 patients could not be proved to have had interstitial keratitis and were therefore excluded from the series, while fourteen others had only one eye affected and two were uniocular; 95 patients and 174 eyes therefore remained in the series.
The ages of the patients in this series at the time of the first attack of interstitial keratitis (Fig. 1, opposite) resembled those in other series (Cunningham, 1922; Spicer, 1924) . Fig. 2 (opposite) shows the present ages of the patients and Fig. 3 (opposite) the time which has elapsed since their first attack of interstitial keratitis.
Slit-lamp microscopy was performed on every case and an unexpected finding was the high incidence of patent vessels in the corneae, which, apart from the persistent circulation, did not differ from the classical obliterated "ghost" vessels. Duke-Elder (1938b) stated that, although the vessels remained throughout life, they ceased to carry blood. Table I shows that many corneae contain both patent and ghost vessels, but that occasionally all the vessels remain patent. The densities of the corneal nebulae were graded according to a clinical assessment. (Table III, below, Cases 8 and 9) and the remaining 166 eyes all had tensions of 20 mm. Hg or less, seventeen being in the abnormally low range of 5 to 9 mm. Hg.
Tonography.-121 eyes were submitted to tonography and of these only six had coefficients of outflow of less than 0 20. Of three with very low coefficients of outflow, two proved to have glaucoma (Cases 8 and 9); the third, which was nearly blind from a combination of long-standing retinal detachment and syphilitic optic atrophy, had an outflow coefficient of 011 but an applanation tension of only 10 mm. Hg; this was a soft degenerate eye which has been excluded from further consideration.
The remaining three eyes had coefficients of outflow of between 0 17 and 019, but showed no significant change in either tension or outflow following the ingestion of one litre of water. In one of them approximately 90 per cent. of the filtration angle was closed by anterior synechiae, whilst the other two had normal angles.
Gonioscopy (Table II, opposite) .-An adequate view of the anterior chamber angle was obtained in 129 eyes, of which 81 were normal; in the remaining 48 the changes consisted mainly of typical post-inflammatory peripheral anterior synechiae, but in a small number other abnormalities were seen either alone or in addition to the synechiae. One such abnormality was seen in twelve eyes in which we described the angles as looking " structureless"; the peripheral parts of the posterior corneal surface had a dense white matt appearance which partially continued on to the trabeculae and into the depths of the angle, blurring the outline and rounding the contours of the structures. None showed any evidence of obstruction to outflow; indeed five had tensions of less than 10 mm. Hg. Three eyes, all with brown irides, showed a heavy deposition of pigment which rendered the whole of the trabeculae, the scleral spur, and the depths of the angle a uniform brown colour; this colour blended well with the root of the iris and with the many peripheral anterior synechiae. In addition, one of them had 70 per cent. of the angle closed by anterior synechiae and had advanced glaucoma (Case 8) , whilst the other two had 60 and 20 per cent. of their angles closed, but normal tensions and tonography readings.
Of the three eyes with 70 per cent. or more of their angles closed by synechiae, two have already been mentioned; the third (Case 9) had a deep anterior chamber, 100 per cent. peripheral anterior synechiae, and advanced glaucoma. No association was found between the width of the angle and the abnormalities described.
Discussion
The investigation described above was designed to examine the appearance and function of the filtration angle of eyes with inactive interstitial keratitis.
When discussing the findings, however, it is emphasized that some of the eyes were unsuitable for full investigation, and that those eyes which were fully examined may not necessarily be representative of the series as a whole. For instance, most of the eyes unsuitable for gonioscopic examination were either those with severe corneal nebulae or those of young patients; but, whilst the former were perhaps liable to have had a high incidence of angle changes, the latter, following local cortisone in the active stage of the disease, were more likely to have escaped without damage. There was also no way of assessing the severity of the original inflammation.
The two eyes with glaucoma both had deeply cupped and atrophic discs with raised tensions, low coefficients of outflow (0-00 and 0 03), and extensive peripheral anterior synechiae which appeared to be post-inflammatory in origin. Their anterior chambers were too deep to suggest that the mechanism of the formation of their synechiae was that of classical "angle-closure". The details of these two patients are summarized in Table III (1961) described the gonioscopic appearances of six patients out of a series of 23 with inactive interstitial keratitis and glaucoma; each of the six had, in addition to open angles and small finger-like synechiae, a hyalinization or an increase in the density of the trabecular area, and from this description these changes would seem to be the same as those which we observed and described as " structureless". Assuming this to be so, these changes are unlikely per se to have been the cause of the glaucoma in his cases, since the twelve eyes with this appearance in our series all had normal coefficients of outflow and tensions of 20 mm. Hg or less; they had an average interval of over 25 years since the onset of the interstitial keratitis. Similarly, the felt-like membrane seen in the anterior chamber angles of four eyes appeared to have no adverse affects upon filtration.
The seventeen eyes in the abnormally low range of 5 to 9 mm. Hg showed no consistent angle changes, five appeared structureless, two had scattered anterior synechiae, and the remainder had no abnormality; it was difficult to estimate the coefficient of outflow in such soft eyes, but it was normal in the six submitted to tonography. The cause of the low tension may have been hyposecretion of aqueous following an unusually severe cyclitis in the active stage of the disease.
Only two patients with glaucoma were discovered among the 95 patients examined, but they were only 33 and 36 years of age and both had advanced glaucoma. There was otherwise a notable absence of eyes with tonometric or tonographic readings suggestive of glaucoma.
NiNE CASES OF INACTIVE INTERSTITIAL KERATITIS AND GLAUCOMA
In addition to the survey reported above, seven patients with inactive interstitial keratitis already known to be attending the Glaucoma Clinic in the University Department of Ophthalmology were re-examined to establish what connexion, if any, there might be between the two conditions. Table III (overleaf) summarizes their clinical features, and also those of the two cases of glaucoma revealed by the survey. All these patients have recently been re-examined to confirm the diagnosis of congenital syphilis.
Cases 1, 2, and 3 were difficult to classify clinically, and their angles were largely obscured by the corneal opacities. The clinical impression in Case 1 was that of chronic simple glaucoma although much of the angles was unseen.
During in-patient observation, Case 2 showed violent fluctuations of intra-ocular pressure in each eye, the peaks reaching 70 mm. Hg and coinciding with the complaint of haloes and a reduction in the coefficient of outflow as shown by tonography. Anterior uveitis was never observed and, but for this, the hypertensive attacks resembled glaucomato-cyclitic crises. Homatropine and pilocarpine had no effect in the attacks, although partial control was obtained with Diamox.
Case 3 presented as "acute glaucoma" with shallow anterior chambers; the mechanism of this attack was probably angle-closure, although the anterior chambers were not so shallow as is usual in this condition, and the pupils (of the Argyll Robertson type) responded poorly to a mydriatic.
Cases 4, 5, and 6 presented the features of narrow-angle glaucoma in either the angle-closure or chronic closed-angle phases; they were typical in their symptoms and clinical findings, the only unusual feature being the evidence of old interstitial keratitis.
Cases 7, 8, and 9 were regarded as examples of true secondary glaucoma; each had extensive organic changes in the filtration angle of the affected eyes. The right eye of Case 7 had shown (before operation) a "gelatinous appearance at the root of the iris apparently occluding the angle" in the inferior segment, in addition to extensive peripheral anterior synechiae elsewhere. His left eye had a reduced coefficient of outflow after water-drinking and, although a rise in tension has yet to be recorded, careful follow-up is indicated. Comment Any consideration of this problem depends partly on an adequate view of the filtration angle; this was impossible in Cases 1, 2, and 3, and the mechanism of the ocular hypertension in these patients could not be determined with accuracy. It is felt, therefore, that conclusions cannot safely be drawn from them.
On the other hand, Cases 4, 5, and 6 appeared to be typical examples of narrowangle glaucoma and it is difficult to place the episodes of interstitial keratitis occurring 37 years earlier into a causal relationship with the glaucoma. They appear to resemble the four narrow-angle cases of Sugar (1962), but it seems unlikely that microcornea due to congenital syphilitic interstitial keratitis is implicated (as he suggested) since our three narrow-angle patients suffered the active keratitis at an age when the eye has already attained its full size and might be expected to have stopped growing. Only one patient (Case 6) had corneal diameters less than 11 mm., below which value the description of microcornea is warranted (Duke-Elder, 1961 Knox (1961) was not encountered in this series, and further studies with histological correlations are necessary to establish the cause of the obstruction to outflow in such cases. Summary 95 patients (174 eyes) suffering from inactive syphilitic interstitial keratitis were examined, with particular reference to the state of the filtration angle.
Two patients with advanced glaucoma were found. The gonioscopic, tonometric, and tonographic findings are discussed. The clinical features of the two patients with glaucoma revealed in this survey, together with those of seven other patients with known glaucoma and inactive interstitial keratitis, are discussed.
